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This invention relates to compositbns of matter which are useful as catalysts, to a method for preparing these 
catalysts and to a method of using these catalysts for polymerizing addition poiymerizable monomers. 
5 In EP-A-0277004 there are disclosed certain bis{cyclopentadienyl) metal compounds formed by reacting a bis 

(cyclopentadienyl) metal complex with salts of Bronsted acids containing a noncoordinating compatible anion. The 
reference discloses the fact that such complexes are usefully employed as catalysts in the polymerization of olefins. 

Despite the utility of the catalysts disclosed in the above prior art references it Is desirable to produce even more 
efficient and useful catalysts for addition polymerizations. In particular the present investigations have led to certain 
10 improved metal complex containing compounds that are highly active as polymerization catalysts and desirably allow 
for the polymerization of a wide variety of monomers and mixtures of monomers. 

According to the present invention there is now provided a monocyclopentadienyl or substituted monocyclopen- 
tadienyl metal complex containing compound corresponding to the formula I: 


IS 


20 


(I) 


25 wherein: 

Cp* is a single ii^-cyclopentadienyl or ri^-substituted cyclopentadienyl group optionally covalently bonded to M 
through -Z-Y- and corresponding to the formula: 

30 


3S 



40 

wherein R' each occurrence is hydrogen or a moiety selected from halogen, alkyi, aryl, haloalkyi, alkoxy, aryloxy, 
silyl groups, and combinations thereof of up to 20 non-hydrogen atoms, or two or more R' groups together form a 
fused ring system; 

45 M is a metal selected from hafnium, zirconium and titanium bound in an bonding mode to the cyclopentadienyl 

or substituted cyctopentadienyl group; 

X is hydrkJeora moiety selected from halo, alkyI, aryl, silyl, germyl, aryloxy, alkoxy. amide, siloxy, and combinations 
thereof (e.g. haloalkyi, haloaryl, halosilyl. alkaryl. aralkyi, silyialkyi, arytoxyaryl, and alkyoxyalkyi, amidoalkyl, ami- 
doaryl) having up to 20 non-hydrogen atoms, and neutral Lewis base ligands having up to 20 non-hydrogen atoms; 
so n is 1 ; 

Z is a divalent moiety comprising oxygen, boron, or a member of Group 14 of the Perkxiic Table of the Elements; 
Y is a linking group covalently bonded to the metal comprising nitrogen, phosphorus, oxygen or sulfur, oropttonally 
Z and Y together form a fused ring system; and 
A* is a noncoordinating, compatible anion of a Bronsted add salt. 

55 

Such compounds are usefully emptoyed in coordination type polymerization processes to prepare polymers for 
molding, film, sheet, extrusion foaming and other applications. The compounds may also be utilized In hydrogenatk^n 
reactions, catalytic cracking and other industrial processes. 
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The compounds of the present invention can be prepared by combining: 

a) at least one first component which is a mono(cyc!opentadienyl) derivative of a metal of Group 3-10 or the Lan- 
thanide Series of the Periodic Table of the Elements containing at least one substituent which will combine with 

5 the cation of a second component (described hereinafter) which first component is capable of forming a cation 

formally having a coordination number that is one less than its valence, 

b) and at least one second component which is a salt of a Bronsted acid and a noncoordinating, compatible anion 
in an inert, aprotic solvent and recovering, if desired, the resulting product. 

10 More particularly the noncoordinating, compatible anion of the Bronsted acid salt rr^ay comprise a single coordi- 

nation complex comprising a charge-bearing metal or metalloid core, which anion is both bulky and non-nucleophilic. 
The recitation 'metalloid", as used herein, includes non-metals such as boron and phosphorus which exhibit semi- 
metallic characteristics. 

All reference to the Periodic Table of the Elements herein shall refer to the Periodic Table of the Elements, published 
IS and copyrighted by CRC Press. Inc.. 1 989. Also, any reference to a Group or Groups shall be to the Group or Groups 
as reflected in this Periodic Table of the Elements using the tUPAC system for numbering groups. 

As used herein, the recitation "noncoordinating, compatible anion" means an anion which either does not coordi- 
nate to the monocyclopentadienyl or substituted monocyclopentadienyl group containing cation or which is only weakly 
coordinated to said cation thereby remaining sufficiently labile to be displaced by a neutral Lewis base. A noncoordi- 
20 nating, compatible anion specifically refers to a compatible anion which when functioning as a charge balancing anion 
in the catalyst system of this invention does not transfer an anionic substituent or fragment thereof to said cation thereby 
forming a neutral four coordinate metallocene and a neutral metal byproduct. "Compatible ankins" are anions which 
are not degraded to neutrality when the tnitialty formed complex decomposes and are noninterfering with desired sub- 
sequent polymerization or other uses of the complex. 
2S Monocyck>pentadienyl and substituted monocyclopentadienyl groups for use according to the present inventnn 

are depicted by the formula: 


30 


3S 



40 wherein: 

R' each occurrence is hydrogen or a moiety selected from halogen, alkyi. aryl. hak>alkyl. alkoxy. arybxy. silyl 
groups, and combinations thereof of up to 20 non-hydrogen atoms, or two or more R' groups together form a fused 
ring system; and 

^ R" is a group that Is covalently bonded to M of the formula: -2-Y-, wherein 

Z is a divalent moiety comprising oxygen, boron, or a member of Group 1 4 of the Periodic Table of the Elements; and 
Y is a linking group covalently bonded to the metal comprising nitrogen, phosphorus, oxygen or sulfur, or optionally 
Z and Y together form a fused ring system. 

so tn a highly preferred embodiment R' Is 


(ER-2)p 
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wherein: 

E each occurrence is carbon, silicon, or germanium; 
p is an integer from 1 to 4; 
s Y* is nitrogen or phosphorous; and 

R" each occurrence is alkyl. aryl, silyl or a combination thereof (e.g. alkaryl. arallcyl. sitylallcyl. etc.) having up to 
10 carbon or silicon atoms. 

Highly preferred compositions according to the invention correspond to the formula I wherein: 
Z is SiR*2. CR*2. SiR*2SiR*2, CR*2CR*2. CR*=CR*. CR*2SiR*2. or GeR*2; 

Y is a nitrogen or phosphorus containing group corresponding to the formula -N(R"")- or -P(R"")-; wherein: 
R* each occurrence is hydrogen or a moiety selected from alkyl. aryl. silyl, halogenated alkyl. halogenated aryl 
groups and combinations thereof having up to 20 non-hydrogen atoms, 

R"" is Ci.io a'M or O^^q aryl, or two or more R* groups or one or more R* groups and R"" together form a fused 
ring system of up to 30 non-hydrogen atoms; and 
X is halo, alkyl, aryl, alkoxy, or aryloxy of up to 20 carbons. 

The monocyclopentadienyl metal components (first components) which may be used in the preparation of the 
compounds of this invention are derivatives of titanium, zirconium or hafnium. Preferred components are titanium or 
zirconium compounds. Examples of suitable monocyclopentadienyl metal compounds are (tert-butylamido) (tetrame- 
thyl-T|5-cyclopentadienyl)-1 ,2-ethanediylzirconium dichloride, (tert-butylamido) (tetramethyl-tiS-cyclopentadienyl)- 
1,2-ethanediyltitanium dichloride, (methylamkJo) (tetramethyl-7i5-cyclopentadienyl)-1,2-ethanediylzirconium dichlo- 
ride, (methylamido) (tetramethyl-Ti5-cyclopentadienyl)-1,2-ethanediyttttanium dichloride, (ethylamido) (tetramethyl-Ti^- 
cyclopentadienyl) methylenetitanium dichloride, (tert-butylamido)diben2yl(tetramethyl-ii5-cyclopentadienyl)silanezir- 
conium dibenzyl, (benzylamido)dimethyl(telramethyl-7i5-cyclopentadienyl)silanetitanium dichloride. and (phenylphos- 
phldo)dimethyl(tetramethyl-Ti^-cyclopentadienyl)siIanezirconium dibenzyl 

Such components are readily prepared by combining the corresponding metal chloride with a dilithium salt of the 
substituted cyclopentadienyl group such as a cyck)pentadienyl-alkanediyl, cyclopentadienyl-silaneamkle. orcyclopen- 
tadienyl'phosphide compound. The reactbn is conducted in an inert liquid such as tetrahydrof uran, 05.^0 all^ds, and 
toluene utilizing conventional synthetic procedures. 

Compounds useful as a second component in the preparation of the compounds of this invention will comprise a 
cation, which is a Bronsted acid capable of donating a proton, and a compatible noncoordinating anion. Preferred 
anions are those containing a single coordination complex comprising a charge-bearing metal or metalloid core which 
anion is relatively large (bulky), capable of stabilizing the active catalyst species (the Group 3-10 or Lanthanide Series 
cation) which is formed when the two components are combined and said anion will be sufficiently labile to be displaced 
by olefinic, diolefinic and acetyl en ically unsaturated substrates or other neutral Lewis bases such as ethers and nilriles. 
Suitable metals include, but are not limited to, aluminum, gold, and platinum. Suitable metalloids include, but are not 
limited to, boron, phosphorus, and silicon. Compounds containing anksns which comprise coordination complexes 
containing a single metal or metalloid atom are. of course, well known and many, particularly such compounds con- 
taining a single boron atom in the anion portion, are available commercially In light of this, salts containing anions 
comprising a coordination complex containing a single boron atom are preferred. 

Preferably the second component useful in the preparation of the catalysts of this invention may be represented 
by the following general formula: 

(L-H)* [A]- 

wherein: 
so 

L is a neutral Lewis base; 

(L-H)^ is a Bronsted ackJ; and 

A' Is a compatible, noncoordinating anion. 

ss More preferably A* corresponds to the formula: 


10 


IS 
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wherein: 

m' is an integer from 1 to 7; 
n' is an integer fronn 2 to 8; 
5 M' is a metal or metalloid selected from Groups 5-15 of the Periodic Table of the Elements; and 

Q each occurrence is hydride or a moiety selected from dialkytamldo, halide, alkoxide, aryloxide. hydrocarbyl, and 
substituted-hydrocarbyl radicals of up to 20 carbons with the proviso that in not nrK>re than one occurrence is Q 
halide. 

10 Second components comprising lx>ron which are particularly useful in the preparation of catalysts of this invention 

may be represented by the following general formula: 


[L-H]* [BQJ- 

75 

wherein: 

L is a neutral Lewis base; 
[L-H]+ is a Bronsted acid; 
20 B is boron in a valence state of 3; and 

Q is as previously defined. 

Illustrative, but not limiting, examples of boron compounds which may be used as a second component in the 
preparation of the improved catalysts of this invention are trialkyl-substltuted amnrranium salts such as triethylammo- 

2S nlum tetraphenylborate. tripropylammonium tetraphenylborate, tri(n-butyl)ammonium tetraphenylborate, trimethylam- 
monium tetra(p-totylborate), tributylammonium tetrakis-pentafluorophenylborate, tripropylammonium tetrakis- 
2,4-dimethyIphenylborate, tributylammonium tetrakis-3,5-dlmethylphenyIborate, and triethylammonium tetrakis- 
(3,5-di-trlfluoromethylphenyl)borate. Also suitable are N,N-dialkyl anillnium salts such as N,N-dlmethyIanlIinium tetra- 
phenylborate, N,N-diethylanilinium tetraphenylborate, and N,N-2,4,6-pentamethylanilinium tetraphenylborate; dialkyi 

30 ammonium salts such as di-(i-propyl)ammonlum tetrakis-pentafluorophenylborate and dicyclohexylammonium tetra- 
phenylborate; and triaryl phosphonium salts such as triphenylphosphonium tetraphenylborate, and tri(methylphenyl) 
phosphonium tetrakis-pentafluorophenylborate, trl(dimethylphenyl)phosphonlum tetraphenylborate. 

It should be noted that the foregoing list is not Intended to be exhaustive and other boron compounds that would 
be useful as well as useful components containing other metals or metalbids will be readily apparent from the foregoing 

3S general formula and examples to those skilled in the art. 

In general, and while most first components identified above may be combined with most second components 
identified above to produce an active olefin polymerization catalyst, it is important to continued polymerization opera- 
tions that either the metal cation Initially formed from the first component or a decomposition product thereof be a 
relatively stable catalyst. It is also important that the anion of the second compound be stable to hydrolysis when an 

40 ammonium salt is used. Further, it is important that the acidity of the second component be sufficient, relative to the 
first, to facilitate the needed proton transfer. Conversely, the basicity of the metal complex must also be sufficient to 
facilitate the needed proton transfer. Certain metallocene compounds are resistant to reaction with all but the strongest 
Bronsted acids and thus are not suitable as first components to form the catalysts of this Invention with all second 
components. Most preferred monocyclopentadienyl metal compounds are those which can be hydrolyzed by aqueous 

^ solutkMis. 

With respect to the combination of first (metal containing) component to second component to fomn a catalyst of 
this invention, rt should be noted that the two components that are combined for preparation of the active catalyst must 
be selected so as to avoid transfer of a fragment of the anion, particularly an aryl group, or a fluorine or hydrogen atom 
to the metal catran, thereby forming a catalytically inactive species. This could be done by steric hindrance, resulting 

so from substitutions on the cyclopentadienyl carbon atoms as well as substitutions on the aromatic carbon atoms of the 
anion. It folbws that first components comprising perhydrocarbyl-substituted cyctopentadienyl radicals could be effec- 
tively used with a broader range of second compounds than could first components comprising unsubstituted cyclopen- 
tadienyl radicals. As the amount and size of the substitutions on the cyclopentadienyl radicals are reduced, however, 
more effective catalysts are obtained with second compounds containing anions whk^h are more resistant to degrada- 

ss Won, such as those with substltuents on the ortho positions of the phenyl rings. Another means of rendering the anion 
more resistant to degradation is afforded by fluorine substitution, especially perfluorosubstitution. in the anion. Fluoro- 
substituted stabilizing anions may. then, be used with a broader range of first components. 

In general, the catalyst can be prepared by combining the two components in a suitable solvent at a temperature 
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withfn the range from -100**C to 300*C. The catalyst may be used to polymerize anDlefins and/or acetylenicalty unsatu- 
rated monomers having from 2 to 18 carbon atoms and/or diolefins having from 4 to 18 carbon atoms either alone or 
in combination. The catalyst may also be used to polymerize a-olefins, diolefins and/or acetylenicalty unsaturated 
monomers in combination with other unsaturated monomers. In a preferred embodiment the catalysts are employed 

5 to prepare copolymers of mixtures of vinyl aromatic monomers with olefins other than a vinyl aromatic monomer, spe- 
cifically copolymers of styrene with ethylene or propylene. In general, the polymerization may be accomplish d at 
conditions well known in the prior art. It will, of course, be appreciated that the catalyst system will form in situ if the 
components thereof are added directly to the polymerization process and a suitable solvent or diluent, including con- 
densed monomer, is used in said polymerization process. It is, however, preferred to form the catalyst in a separate 

10 step in a suitable solvent prior to adding the same to the polymerization step. While the catalysts nnay not contain 
pyrophoric species, the catalysts' components are sensitive to both moisture and oxygen and should be handled and 
transferred in an inert atmosphere such as nitrogen, argon or helium. 

As indicated supra, the improved catalyst of the present invention will, preferably, be prepared in a suitable inert, 
aprotic solvent or diluent. Suitable solvents or diluents include any of the solvents known in the prk>r art to be useful 

IS as solvents in the polymerization of olefins, diolefins and acetylenically unsaturated monomers. Suitable solvents in- 
clude, but are not necessarily limited to. straight and branched-chain hydrocarbons such as isobutane. butane, pentane. 
hexane. heptane, and octane; cyclic and alicyclic hydrocarbons such cyclohexane, cycloheptane, methylcyclohexane. 
and methylcycloheptane and aromatic and alkyl-substituted aromatic compounds such as benzene, toluene, and xy- 
lene. Suitable solvents also include liquid olefins which may act as nrx>nomers or comonomers including ethylene, 

^0 propylene, butadiene, cyclopentene, 1-hexene, 3-methyl-1-pentene, 4-methyl-1 -pentene. 1 ,4-hexadiene. 1-octene, 
1-decene, and styrene. 

While the inventors do not wish to be bound by any particular theory, it is believed that when the two components 
used to prepare the improved catalysts of the present invention are combined in a suitable solvent or diluent, all or 
part of the cation of the second component (the acidic proton) combines with one of the substituents (X) on the first 

2S component. As a result a neutral compound, XH is liberated, whfch neutral compound either remains In solution or is 
liberated as a gas. In this regard, it shouM be noted that if X in the first component is hydrkle, hydrogen gas may be 
liberated. Similarly, if X is a methyl radical, methane may be liberated as a gas. If X is alkoxkie an alcohol results, etc. 

While still not wishing to be bound by any particular theory, it is also believed that as one of the first component 
substituents is liberated, the noncoordinating anion originally contained in the second component used in the catalyst 

30 preparatron balances the charge of either the metal cation formed from the first component, or a decomposition product 
thereof. The metal cation and noncoordinating anion will remain so combined until the catalyst is contacted with one 
or more olefins, diolefins and/or acetylenically unsaturated monomers either alone or in combination with one or more 
other monomers or another neutral Lewis base. As indicated supra, the anion contained In the second compound must 
be sufficiently labile to permit rapid displacement by an monomer to facilitate polymerization. 

3S The chemical reactions which occur in forming the catalysts of this invention may, when a preferred, boron con- 

taining compound is used as the second component, be represented by reference to the general formula set forth 
herein as follows: 

40 CP*ZYMX„^, + [L-HJ-'IBQ^]' ^ (Cp-ZYMX J^tBQ^]' + X-H + L 

wherein Cp*. M, X, Z, Y, n and Q have the previously identified meanings. 

In general the stability and rate of formation of the products in the foregoing reaction equations, partlculariy the 
metal cation, will vary depending upon the choice of the solvent, the acidity of the [L-HJ+ selected, the particular L. the 

4S anion, the temperature at which the reaction is completed and the particular nrranocyclopentadienyl derivative of the 
metal selected. Generally, the initially formed k>n-pair will be an active polymerization catalyst and will polymerize a- 
olefins, diolefins and acetylenically unsaturated monomers either alone or in combination with other monomers. In 
some cases, however, the initial metal cation will decompose to yield an active polymerization catalyst. 

As indicated supra, nriost first compounds identified above will combine with most second compounds identified 

so above to produce an active catalyst, partfcularly an active polymerization catalyst. The actual active catalyst species 
is not, however, always sufficiently stable as to permit its separation and subsequent identification. Moreover, and while 
many of the initial metal catbns formed are relatively stable, it has become apparent that the initially formed metal 
cation frequently deconnposes into one or more other catatytk:ally active species. 

In general, catalysts according to the present invention can be selected so as to produce polymer products that 

55 will be free of certain trace metals generally found in polymers produced with Ziegler-Natta type catalysts containing 
cocatatysts such as aluminum or magnesium based compounds. The polymer products produced with the catalyst of 
this invention should have a broader range of applicatk5ns than polymers produced with more conventional Ziegler- 
Natta type catalysts comprising a metal alkyi, such as an aluminum alkyl. or an aluminoxane. The catalysts may be 
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employed as homogeneous catalysts or supported on the surface of a suitable support such as alumina or silica. 

In a preferred embodiment, the catalyst is used to polymerize one or more C2-C3 a-olefins particularly ethylene 
or propylene, nnost preferably ethylene, at a temperature within the range from 0*C to 200*'C, preferably 25**C to 100**C 
and at a pressure within the range from atmospheric to 1000 psig (7 MPa) preferably 15 to 500 psig (0.1 - 3.5 MPa). 
In a most preferred emtxxliment of the present invention, the catalyst will be used either to homopotymerize ethylene 
or to copolymerize ethylene with a 03-03 aolefin (including styrene) thereby yielding an copolymer. In both the preferred 
and most preferred emtxxliments. the monomers will be maintained at polymerization conditions for a nominal holding 
time within the range from 1 to 60 minutes and the catalyst will be used at a concentration within the range from 10"^ 
to 10"^ moles per nnole of monomer. 

Having thus broadly described the present invention it is believed that the same will become even more apparent 
by reference to the following examples. It will be appreciated, however, that the examples are presented solely for the 
purpose of illustration and should not be construed as limiting the invention. 


(Tert-butylamido)dimethyl(tetramethyl-iiS-cyclopentadienyl)silanetitaniumdimethyland 
triethylenammoniumtetraklspentafluorophenyl borate 

A 25 mL flask was charged with 275 mg of (tert-butyIamido)(dimethyl)('n5-tetramethylcyclopentadienyl)silanetita- 
nium dichloride, 0.75 mmol) and attached to a small frit. The frit was evacuated and 1 5 mL of diethyl ether was vacuum 
transferred into the flask. At -78°C, 1.1 mL of MeLi (1.4 M in hexane, 1.54 mmol, 2.05 equlv) was added through the 
sidearm valve using a syringe. No color change was noted. After 5 minutes, the bath was removed and the solution 
albwed to warm to room temperature. After 1 h. the solution was dark green and opaque. The diethyl ether was stripped 
off and replaced with 10 mL of hexane. The solution was stirred at 25*'C for 10 min and then filtered. The solid was 
reduced to about 2 mL, the solution cooled to •78*'C, and the frit cold-flipped to collect a dark olive solid. After drying 
under reduced pressure for 30 min, the solid (tert-butylamido)dimethyl(tetramethyl^^-cyclopentadienyl)sitanetitanium 
dimethyl was isolated (1 38 mg, 56 percent). 

Polymerization 

A 1 00 mL three-neck flask was charged with 32 mg (98 ^mol) of (tert-butylamido)dimethyl(tetramethyl-T|5-cyclopen- 
tadienyl)silanet[tanium dimethyl. The flask was equipped with a stopper, vacuum line adapter, and a solids addition 
funnel. The addition funnel was charged with 77 mg of [HNEt3]^[B(C6F5)4]' and stoppered. The flask was evacuated 
and 50 mL of benzene was distilled onto the solid. The solution was warmed to 25° C and blanketed with 1 atm. (0.1 
MPa) of ethylene. The solid [HNEt3]^[B(OeF5)4]- was then added resulting in a yellow solution. After one hour, the 
viscous, yellow solution was still taking up ethylene. The resulting gelatinous mixture was quenched with methanol to 
give a white precipitate. The material was filtered, washed twice with methanol, and dried in a vacuum over to give 
0.56 g of polyethylene. 
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Claims 
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wherein: 
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Cp* is a single tiS-cyclopentadienyl or -qS-substituted cyclopentadienyl group covalently bonded to M through 
-Z-Y- and corresponding to the formula: 



R' 

wherein: 

R' each occurrence is hydrogen or a nrioiety selected from halogen, alkyi, aryl, haloalkyi, alkoxy, aryloxy, silyl 
groups, and combinations thereof of up to 20 non-hydrogen atoms, or two or more R' groups together form a 
fused ring system; 

M is a metal selected from hafnium, zirconium and titanium bound in an -n^ bonding mode to the cyclopenta- 
dienyl or substituted cyclopentadienyl group; 

X is hydride or a moiety selected from hato, alkyl. aryl, silyl, gemnyl, aryloxy. alkoxy, amkJe. siloxy, and com- 
binations thereof having up to 20 non-hydrogen atoms, and neutral Lewis base ligands having up to 20 non- 
hydrogen atoms; 

n is 1; 

Z is a divalent moiety comprising oxygen, boron, or a member of Group 1 4 of the Periodic Table of the Elements; 

Y is a linking group covalently bonded to the metal comprising nitrogen, phosphorus, oxygen or sulfur, or 
optksnally Z and Y together form a fused ring system; and 

A' is a noncoordinating. compatible anion of a Bronsted ackl salt. 

A compound as claimed in Claim 1, wherein X is hydrkJe or a moiety selected from halo, alkyl, aryl. silyl, germyl, 
aryksxy, alkoxy, amide, sitoxy, and combinations thereof having up to 20 non-hydrogen atoms. 

A compound as claimed in Claim 1 or Claim 2. wherein -Z-Y- is: 

y 

wherein: 

E each occurrence is carbon, silicon, or gemnanium; 

p is an integer from 1 to 4; 

Y' is nitrogen or phosphorous; and 

R" each occurrence is alkyl, aryl, silyl or a combination thereof having up to 10 carbon or silicon atoms. 
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A compound as claimed in any one of the preceding claims, wherein M is titanium or zirconium. 
A compound as claimed in Claim 4. wherein: 

2 is SIR*2. CR*2. SiFTgSiRV CR*2CR*2. CR*=CR*. CR*2SiR*2. or GeR^ 

Y is a nitrogen or phosphorus containing group con-esponding to the formula -N(R"")- or -P(R")-; wherein: 

R* each occurrence is hydrogen or a moiety selected from alkyi, aryl, silyl, halogenated alkyi, halogenated 
aryl groups and combinations thereof having up to 20 non-hydrogen atoms, 

R" is C^.^Q alkyi or C^^q aryl, or two or more R* groups or one or more R* groups and R'" together form a 
fused ring system of up to 30 non-hydrogen atoms; 

X is a moiety selected from hak>, alkyi, aryl, alkoxy, and arytoxy of up to 20 carbons. 
A compound as claimed In any one of the preceding claims, wherein X is C^^ alkyi or alkoxy. 
A compound as claimed in Claim 5. wherein X is methyl. 
A compound as claimed in Claim 5. wherein X is benzyl. 

A compound as claimed In any one of the preceding claims, wherein A- corresponds to the formula: 

[M''"'*Q„.]- 

wherein: 

30 m' is an integer from 1 to 7; 

n' is an integer from 2 to 8; 

is a metal or metalloid selected from Groups 5-15 of the Periodk: Table of the Elements; and 

55 

Q each occurrence is hydride or a moiety selected from dialkylamkJo. halide, alkoxide. aryloxide. hydrocarbyi, 
and substituted-hydrocarbyl radicals of up to 20 carbons with the proviso that in not more than one occurrence 

is Q halkJe. 

40 10. A compound as claimed in Claim 9, wherein A' corresponds to the formula: 

iBQ4r 

4S wherein B is boron in a valence state of 3 and Q is as defined in Claim 9. 

11. A compound as claimed in any one of the preceding claims, wherein A* is a fluoro-substituted anion. 

12. A compound as claimed in any one of the preceding claims, wherein A is tetrakis-pentafluorophenyl borate. 

so 

13. A compound as claimed in Claim 1. which is derived from (tert-butylamido) (tetramethyt^^-cyclopentadienyi)- 
1 ,2-ethanediylzirconium dichloride. (tert-butylamido) {tetramethyl-TiS-cyclopentadienyl)-1 ,2-ethanediyltitanium 
dichtoride, (methylamkJo) (tetramethyl-ii6-cyck>pentadienyl)-1,2-ethanedlyl2irconium dtehloride, (methylamido) 
(tetramethyl-tiS-cyclopentadienyl)-1.2-ethanediyltitanium dichloride. (ethylamldo) (tetramethyl^s^ydopentadi- 

55 enyl)-methylenetitanium dichloride, (tert-butylamido)dibenzyl(tetramethyl-T|5-cyctopentadienyl)silane-2irconium 

dibenzyl. (benzylamido)dimethyl(tetramethyl-TiS-cyclopentadienyl)silanetltanium dichloride. and (phenylphos- 
phido)dimethyl(tetramethyl-Ti6-cyck>pentadienyl)silane-ziiconlum dibenzyl. 


4. 

5. 

5 
10 
IS 

6. 
7. 

20 

8. 
9. 
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14. A compound as claimed in Claim 1 , wherein A" is derived from Iriethylammonlum tetraphenylborate, tripropylam- 
monium tetraphenylborate, tri(n-butyl)ammonium tetraphenylborate, trimethylammonium tetra(p-totylborate). trib- 
utylammonium tetrakis-pentafluorophenylborate. tripropylamoKinium tetrakis-2.4-dimethylpheny!borate, tributy- 
lammonium tetrakis-3,5-dlmethylphenylborate, triethylammonium tetrakis-(3.5-di-trifluoromethylphenyl)borate, N. 
N-dimethylanilinium tetraphenylborate. N.N-diethylaniiinium tetraphenylborate. N.N-2.4.6-pentamethylanillnium 
tetraphenylborate. di-(i-propyl)ammonium tetrakispentafluorophenylborate, dicyclohexylammonium tetraphenylb- 
orate. triphenylphosphonium tetraphenylborate, tri(methytphenyl)phosphonium tetrakispentafluorophenylborate, 
and tri(dimethylphenyl)phosphontum tetraphenylborate. 

15. A compound as claimed in Claim 1. wherein Cp* is perhydrocarbyl-substituted. 

16. (Tert-butylamido)dimethyl(tetramethyl-T|^-cyclopentadienyl)silane titanium methyl tetrakis-pentafluorophenylbo- 
rate. 

17. A process for preparing a compound as claimed in Claim 1 comprising contacting a first component corresponding 
to the formula II 


\ 

(X) 


n+1 


(II) 


wherein Cp*. M, X, Z. Y and n are as defined in Claim 1 
with a second component corresponding to the formula 

IL-H]*[A]- 

wherein L is a neutral Lewis base and A* is as defined in Claim 1 
in an inert, aprotic solvent. 

18. A process as claimed in Claim 17, wherein Cp*. M, X, Y, Z, n and A- are as defined in any one of Claims 2 to 16. 

19. The use of a compound as claimed in any one of Claims 1 to 16 as an addition polymerization catalyst. 

20. An addition polymerization process for preparing a polymer by contacting one or more addition polymerizable 
monomers with a coordination pofymerizatkwi catatyst under additbn polymerization conditions, characterized in 
that the catalyst is a compound as defined in any one of Claims 1 to 16. 

21. A process as claimed in Claim 20. wherein ethylene is homopolymerized or copolymerized with a Q3-C8 alpha- 
olefin. 

22. A process as claimed in Claim 21 , wherein ethylene is copolymerized with styrene. 

23. A process as claimed in any one of Claims 20 to 22. wherein the catalyst is formed in situ. 


Claims for the following Contracting State : ES 

1. A process for preparing a monocyclopentadienyl or substituted monocyclopentadienyl metal complex containing 
compound corresponding to the formula I: 
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5 



(I) 


\ 



10 


wherein: 


20 


25 


30 


35 


40 


Cp* is a single ii^^cyclopentadienyl or ti^-substltuted cyclopentadienyl group covalently bonded to M through 
-Z-Y- and corresponding to the formula: 


R' each occurrence is hydrogen or a nioiety selected from halogen, alkyl, aryl, haloalkyl, alkoxy, aryloxy. silyl 
groups, and combinations thereof of up to 20 non-hydrogen atoms, or two or more R* groups together form a 
fused ring system; 

M is a metal selected from hafnium, zirconium and titanium bound in an i^^ bonding mode to the cyclopenta- 
dienyl or substituted cyclopentadienyl group; 

X is hydride or a moiety selected from halo, alkyl, aryl, silyl, germyl, aryloxy, alkoxy, amide, siloxy, and com- 
binations thereof having up to 20 non-hydrogen atoms, and neutral Lewis base ligands having up to 20 non- 
hydrogen atoms; 


Z is a divalent moiety comprising oxygen, boron, or a member of Group 1 4 of the Periodic Table of the Elements; 

Y is a linking group covalently bonded to the metal comprising nitrogen, phosphorus, oxygen or sulfur, or 
optbnalty Z and Y together form a fused ring system; and 

A* is a noncoordinating. compatible anion of a Bronsted acid salt. 

comprising contacting a first component corresponding to the formula II 



nis 1; 


55 
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CP* — M< 


(II) 


(X) 


n+i 


10 wherein Cp*. M. X, Z, Y and n are as defined above, 

with a second component corresponding to the formula [L-H]^[A]~, wherein L is a neutral Lewis base and A is as 
defined above, in an inert, aprotic solvent. 

2. A process as claimed in Claim 1, wherein X is hydride or a moiety selected from halo, alkyl, aryl. silyl, genmyl. 
IS aryloxy, alkoxy, amide, siloxy, and combinations thereof having up to 20 non-hydrogen atoms. 

3. A process as claimed in Claim 1 or Claim 2, wherein -Z-Y- is: 


20 

-(EH"2)p 

25 


wherein: 


E each occurrence is carbon, silicon, or germanium; p is an integer from 1 to 4; 
30 Y' Is nitrogen or phosphorous; and 

R" each occurrence is alkyl, aryl, silyl or a combination thereof having up to 10 carbon or silicon atoms. 

4. A process as claimed in any one of the preceding claims, wherein M is titanium or zirconium. 

35 5. A process as claimed in Claim 4, wherein: 

Z is SiR*2. CR*2. SiR*2SIR*2. CR*2CR*2. CR*=CR*. CR*2SiR*2. or GeR*2; 

Y is a nitrogen or phosphorus containing group corresponding to the formula -N(R'")- or -P(R")-; wherein: 
R* each occurrence is hydrogen or a moiety selected from alkyl, aryl, silyl, habgenated alkyl, habgenated 
40 aryl groups and combinations thereof having up to 20 non-hydrogen atoms, 

R" is C^.iQ alkyl or C^^^q aryl, or two or more R* groups or one or more R* groups and R" together fonm a 
fused ring system of up to 30 non -hydrogen atoms; and 

X is a nnoiety selected from hak), alkyl, aryl, alkoxy. and arytoxy of up to 20 carbons. 
45 6. A process as claimed in any one of the preceding claims, wherein X is C^^ alkyl or alkoxy. 

7. A process as claimed in Claim 5, wherein X is methyl. 

8. A process as claimed in Claim 5, wherein X is benzyl. 

so 

9. A process as claimed in any one of the preceding claims, wherein A' corresponds to the formula: 


55 

wherein: 


m' is an integer from 1 to 7; 
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n' is an integer from 2 to 8; 

M* is a metal or metalloid selected from Groups 5-15 of the Periodic Table of the Elements; and 
Q each occurrence Is hydride or a moiety selected from dialkylamldo. hallde, alkoxide. aryloxide, hydrocarbyl. 
and substituted-hydrocarbyl radicals of up to 20 carbons with the proviso that in not more than one occurrence 
is Q halide. 

10. A process as claimed in Claim 9, wherein A~ corresponds to the formula: 


11. A process as claimed in any one of the preceding claims, wherein A- is a fluoro-substltuted anion. 

12. A process as claimed in any one of the preceding claims, wherein A is tetrakis-pentaftuorophenyl borate. 

1 3. A process as claimed in Claim 1 . wherein the compound of formula 11 is (terl-butylamido) (tetramethyl-riS-cyclopen- 
tadienyl)-1 ,2-ethanediylzlrconium dichloride. (ter143utylamido) (tetramethyl-riS-cyclopentadienyl)-! .2-ethanediylti- 
tanlum dichloride, (methylamido) (tetramethyl^5>cyclopentadienyl)-1,2-ethanedlylzirconium dichloride. (methyla- 
mldo) (tetramethyl-Ti5-cyclopenladienyl)-1 .2-ethanediyltitanium dichloride, (ethylamido) (tetramethyl^^^yctopen- 
tadienyl)-methylenetitanium dichloride, (tert-butylamldo)dibenzyl(tetramelhyl-TiS-cyclopentadienyl)silane2irconi- 
um dibenzyl. (benzylamido)dimethyl(tetramethyl-'n5-cyclopentadienyl) silanet Itanium dichloride, and (phenylphos- 
phido)dimethyl(tetramethyl-T|5-cyctopentadienyl)silane2irconium dibenzyl. 

14. A process as claimed in Claim 1 . wherein the compound of formula 


is trielhylammonium tetraphenylborate, tripropylammonium tetraphenylborate, tri(n-butyl)ammonium tetraphenyl- 
borate, trimethylammonlum tetra(p-tolylborate), tributylammonium tetrakls-pentafluorophenylborate, tripropylam- 
monium tetrakis-2,4-dimethylphenylborate, tributylammonium tetrakis-3.5-dimethyIphenylborate, trielhylammoni- 
um tetrakis-(3,5-di-trifluoromethylphenyl)borate, N,N-dimethylanilinium tetraphenylborate. N.N-diethylanilinium 
tetraphenylborate, N,N-2.4,6-pentamethylanilinium tetraphenylborate, di-(i-propyl)ammonlum tetrakispentafluor- 
ophenylborate, dicyclohexylammonium tetraphenylborate, triphenylphosphonium tetraphenylborate. tri(methyl- 
phenyl)phosphonium tetrakispentafluorophenylborate, and tri(dimethylphenyl)phosphonium tetraphenylborate. 

15. A process as claimed in Claim 1 , wherein Cp* is perhydrocarbyl-substituted. 

16. A process as claimed in Claim 1, wherein (tert-butylamido)dimethyl(tetramethyl-T|^-cyclopentadienyi)silane titani- 
um dimethyl is reacted with triethyleneammonium tetrakis-pentafluorophenylborate. 

17. The use as an addition polymerization catalyst of a monocyclopentadienyl or substituted monocycbpentadienyl 
metal complex containing compound corresponding to the formula I: 


[BQ4r 


wherein: 


B is tx>ron in a valence state of 3 and Q is as defined in Claim 9. 


[L-H]*[A] 



(I) 


wherein: 
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Cp* is a single ti^-cyclopentadienyl or i]^-substituted cyclopentadienyt group covalentty bonded to M through 
-Z-Y-and corresponding to the formula: 


10 



wherein: 

R' each occurrence is hydrogen or a moiety selected from halogen, alkyl, aryl. haloalkyl. alkoxy. arytoxy, silyl 
20 groups, and combinations thereof of up to 20 non-hydrogen atoms, or two or more R' groups together form a 

fused ring system; 

M is a metal selected from hafnium, zirconium and titanium bound in an bonding mode to the cyclopenta- 
dienyt or substituted cyclopentadienyl group; 

X Is hydride or a moiety selected from halo, alkyl. aryl, silyl, germyl, aryloxy, alkoxy, amide, siloxy, and com- 
25 binations thereof having up to 20 non-hydrogen atoms, and neutral Lewis base ligands having up to 20 non- 

hydrogen atoms; 
n is 1; 

Z is a divalent moiety comprising oxygen, boron, or a member of Group 1 4 of the Periodic Table of the Elements; 
Y is a linking group covalentty bonded to the metal comprising nitrogen, phosphorus, oxygen or sulfur, or 
30 optionally Z and Y together form a fused ring system; and 

A' is a noncoordinating. compatible anion of a Bronsted acid salt. 

18. A use as claimed in Claim 17. wherein Cp*. M. X, Z, Y, n and A' are as defined in any one of Claims 2 to 16. 

3S 19. An addition polymerizatk>n process for preparing a polymer by contacting one or more addition polymerizable 
monomers with a coordination polymerizatbn catalyst under additbn polymerization conditions, characterized in 
that the catalyst is a monocyclopentadienyl or substituted monocyclopentadienyl metal complex containing com- 
pound corresponding to the formula I: 


45 


(I) 


so wherein: 


Cp* is a single riS-cyclopentadienyl or ri^-substituted cyclopentadienyl group covalently bonded to M through 
-Z-Y-and corresponding to the formula: 


55 


14 


EP 0 418 044 B1 


40 



10 

wherein: 

R' each occurrence is hydrogen or a moiety selected from halogen, alkyi, aryl. haloalkyl, alkoxy aryloxy, silyl 
IS groups, and combinations thereof of up to 20 non-hydrogen atoms, or two or nr^re R' groups together form a 

fused ring system; 

M is a metal selected from hafnium, zirconium and titanium bound in an bonding mode to the cyclopenta- 
dienyl or substituted cyctopentadienyl group; 

X is hydride or a moiety selected from halo, atkyi, aryl, silyl, germyl, arytoxy, alkoxy, amide, siioxy. and com- 
20 binations thereof having up to 20 non -hydrogen atoms, and neutral Lewis base ligands having up to 20 non- 

hydrogen atoms; 
n is 1; 

Z is a divalent moiety comprising oxygen, boron, or a member of Group 1 4 of the PerkxJic Table of the Elements; 
Y is a linking group covalently bonded to the metal comprising nitrogen, phosphorus, oxygen or sulfur, or 
2S optionally Z and Y together form a fused ring system; and 

A' is a noncoordinating, compatible anion of a Bronsted acid salt. 

20. A process as claimed in Claim 19, wherein Cp*, M, X, Z, Y, n and A~ are as defined in any one of Claims 2 to 16. 

30 21 . A process as claimed in Claim 1 9 or Claim 20. wherein ethylene Is homopolymerized or copolymerized with a C3- 
Ce alpha-olefin. 

22. A process as claimed in Claim 21 , wherein ethylene Is copolymerized with styrene. 
3S 23. A process as claimed in any one of Claims 21 to 22, wherein the catalyst is formed in situ. 

Patentanspruche 

Patentanspruche fur folgende Vertragsstaaten : BE, DE, FR, GB, IT, NL, SE 

1 . Monocyclopentadienyl- Oder substituierter Monocyclopentadienylmetallkomplex, enthaltend eine Verbindung ent- 
sprechend der Forme! I: 

4S 

SO \ 

(X)„ 

in der CP* eine einzelne t^^-Cyclopentadienyl- Oder r^^-substituierte Cyclopentadienylgruppe ist, die kovalent an 
ss M Ober -Z-Y- gebunden ist und der Forme! 
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entspricht, in der 


R' bei jedem Auftreten Wasserstoff oder eine Gruppe. ausgewahit aus Halogen. Alkyl. Aryl. HalogenalkyI, 
Alkoxy. Arytoxy, Silylgruppen und Kombinationen daraus mit bts zu 20 Nichtwasserstoffatomen ist. oder zwei 
Oder mehrere R'-Gruppen zusammen ein kondensiertes Ringsystem ausbilden. 

M ein Metall, ausgewahit aus Hafnium, Zirkonium und Titan, ist, das Qber eine i^^-Bindung an die Cyclopen- 
tadienyl- oder substituierte Cyclopentadienylgruppe gebunden ist, 

X Hydrid oder eine Gruppe, ausgewahit aus Halogen, Alkyl. Aryl, Silyl. Germyl, Acryloxy. Alkoxy. Amid. Siloxy 
und Kombinationen daraus mit bis zu 20 Nichtwasserstoffatomen und neutralen Lewis-Base liganden mit bis 
zu 20 Nichtwasserstoffatomen, ist, 


Z eine divalente Gruppe umfassend Sauerstoff. Bor oder ein Mitglied der Gruppe 14 des Periodensystems 
der Elemente ist. 

Y eine verknupfende Gruppe, die kovalent an das Metall gebunden ist, umfassend Strckstoff, Phosphor. Sau- 
erstoff Oder Schwefel ist oder wahlweise Z und Y zusammen ein kondensiertes Ringsystem bilden und 
A ein nichtkoordinierendes kompatibies Anion etnes Brdnsted-Sauresalzes ist. 

Verbindung nach Anspruch 1 , worin X Hydrid oder eine Gruppe, ausgewahit aus Halogen, Alkyl. Aryl. Silyl. Germyl. 
Aryloxy. Alkoxy, Amid, Siloxy und Kombinationen daraus mit bis zu 20 Nichtwasserstoffatomen. ist. 

Verbindung nach Anspruch 1 oder 2. worin -Z-Y- 


E bei jedem Auftreten Kohlenstoff. Silicium oder Germanium ist, 

p eine ganze Zaht von 1 -4 ist. 

Y' Stickstoff Oder Phosphor ist und 

R" bei jedem Auftreten Alkyl. Aryl, Silyl oder eine Kombination daraus mit bis zu 10 Kohlenstoff- oder Silici- 
umatomen ist. 

Verbindung nach einem der vorstehenden AnsprOche. worin M Titan oder Zirconium ist. 
Verbindung nach Anspruch 4, worin 

Z SiR*2. CR*2. SiR*2SiR*2, CR*2CR*2, CR*=CR*. CR*2SiR*2 Oder GeR* Ist. 

Y eine stickstoff- oder phosphorhaltige Gruppe entsprechend der Formel -N(R")- Oder -P(R")- ist, in der R* 
bei jedem Auftreten Wasserstoff oder eine Gruppe ausgewahit aus Alkyl, Aryl, Silyl, halogeniertem Alkyl, ha- 
logenierten Arylgruppen und Kombinationen daraus mit bis zu 20 Nichtwasserstoffatomen ist. 
R" Ci.io-AlkyI Oder C6.io-Aryl ist oder zwei Oder mehrere R*-Gruppen oder eine oder mehrere R*-Gruppen 


n = 1 ist. 


(ER'%) 



III 


ist. in der 
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und R"" zusammen ein kondensiertes Ringsystem mit bis zu 30 Nichtwasserstoffatomen bilden und 

X eine Gruppe. ausgewahit aus Halogen, Alkyl. Aryl. Alkoxy und Aryloxy mit bis zu 20 Kohlenstoffatomen. ist. 

6. Verbindung nach einem der vorstehenden Anspruche, worin X Ci^-Alkyl Oder -Alkoxy ist 

7. Verbindung nach Anspruch 5, worin X Methyl ist. 

8. Verbindung nach Anspruch 5. worin X Benzyl ist. 

9. Verbindung nach einem der vorstehenden Anspruche, worin 

A- der Formel (M'^'+Qn-l" entspricht, in der 
m* eine ganze Zahl von 1-7 ist, 
n' eine ganze Zahl von 2-8 ist, 

ein Metall oder Metaltoid ausgewahit aus den Gruppen 5-15 des Periodensystems der Elemente ist und 
Q bel jedem Auftreten Hydrid oder eine Gruppe ausgewahit aus Dialkylamido. Halogenid, Alkoxid, Aryloxid, 
Kohlenwasserstcff- und substituierten Kohlenwasserstoffresten mit bis zu 20 Kohtenstoffatomen ist unter der 
Voraussetzung, da3 Q bei nicht mehr als einem Auftreten Halogenid ist. 

10. Verbindung nach Anspruch 9, worin A' der Formel [BQ4]' entspricht, in der 
B Bor im Valenzzustand 3 ist und Q wie in Anspruch 9 definiert ist. 

11. Verbindung nach einem der vorstehenden Anspruche, worin A' ein fluorsubstituiertes Anion ist. 

12. Verbindung nach einem der vorstehenden Anspruche, worin ATetrakis(pentafluorphenyl)borat ist. 

13. Verbindung nach Anspruch 1, worin die Verbindung der Formel II (tert-Butylamido)(tetramethyl--n5-cyclopentadle- 
nyl)-1,2-ethandiylzirconiumdichlorid, (tert-Butylamido)(tetramethyl-T|5-cyck>pentadienyl)-1,2-ethandiyltitandichlo- 
rid, (Melhylamido)(tetramethyl-Ti5-cyclopentadienyl)-1,2-elhandiylzirconiumdichlorid, (Methylamido)(tetramethyl- 
il5-cyclopentadienyl)-1.2-ethandiyltitandichtorld. (EthylamkJo)(tetramethyl-T)6-cyclopentadienyl)-methylentitandl- 
chlorid, (tert-Butylamldo)dibenzyl{tetramethyl-iiS-cyclopentadienyl) silanzirconiumdibenzyl, (Benzylamido)dime- 
thyl(tetramethyl-T|S-cyclopentadienyl)silantitandichlorW oder (Phenylphosphido)dimethyl(tetramethyl-TtS-cyclo- 
pentadienyl)silanzirconiumdibenzyl ist 


14. Verbindung nach Anspruch 1, worin die Verbindung der Formel [L-H]+[A-) Triethylammonium-tetraphenylborat. 
Tripropylammonlum-telraphenyiborat, Tripropylammonium-tetraphenylborat, Tri(n-butyl)ammonium-tetraphenyl- 
borat. Trimethylammonium-tetra(p-totylborat), Tributylammonium-tetrakispentafluorphenylborat. Tripropylammo- 
njum-tetrakis-2.4-dimethylphenylborat, Tributylammonium-tetrakls-3,5-dimethylphenylborat, TriethylamnrKjnium- 
tetrakis-(3,5-di-trifluormethylphenyl)borat. N.N-Dimethylanilinium-tetraphenylborat, N.N-Diethylanilinium-tetra- 
phenylborat, N,N-2.4.6-Pentamethylanilinium-tetraphenylborat. Di(i-propyl)amnnonium-tetrakis(pentatluorphenyl) 
borat, Dicyclohexylammonium-tetraphenylborat, Triphenylphosphonium-tetraphenylborat, Tri(methylphenyl)phos- 
phonium-tetrakis(pentafluorphenyl)borat oderTri(dimethytphenyl)phosphonium-tetraphenylborat 


15. Verbindung nach Anspruch 1. worin Cp* perhydrocarbylsubstituiert ist. 

16. (tert-ButyiamkJo)dimethyl(tetramethyl^S-cyclopentadienyl)silantitanmethyltetFakis(pentafluorphenyl)borat. 

17. Verfahren zur Herstellung einer Verbindung nach Anspruch 1 umfassend Inkontaktbringen einer ersten Kompo- 
nente entsprechend der Formel II 


(II) 
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in der CP*, M, X, Z, Y und n wie oben definiert sind. 

mit einer zweiten Komponente entsprechend der Formel [L-H]*[A]'. in der L eine neutrale Lewis-Base und A wie 

in Anspruch 1 definiert ist, 

in einem inerten aprotischen Losungsmittel. 

18. Verfahren nach Anspruch 17. worin Cp*, M, X, Z, Y, n und A* wie in einem der Anspruche 2-16 definiert sind. 

19. Verwendung einer Verbindung nach einem der Anspruche 1-16 als Additionspolymerisationskatatysator. 

20. Addltionspolymerisationsverfahren zur Herstellung eines Polymers durch InberOhrungbringen eines Oder mehrerer 
additionspolymerisierbarer Monomere mit einem Koordinationspolymerisationskatalysator unter Additionspotyme- 
risationsbedingungen, 

dadurch gekennzeichnet, 

daB der Katalysator eine Verbindung wie in einem der AnsprOche 1-16 definiert ist. 

21. Verfahren nach Anspruch 20. worin Ethylen homopolymerisiert oder mit einem Cs-Ce-alpha-Olefin copolymerisiert 
wird. 

22. Verfahren nach Anspruch 21. worin Ethylen mit Styrol copolymerisiert wird. 

23. Verfahren nach einem der Anspruche 20-22, worin der Katalysator in situ gebildet wird. 


Patentanspruche fur folgenden Vertragsstaat : ES 

1. Verfahren zur Herstellung eines Monocyclopentadienyl- oder substituierten Monocyclopentadienylmetall- 
komplexes, enthaltend eine Verbindung entsprechend der Formel I: 

Cp* — M< - (I) 

\ 


in der CP* eine einzelne n^-Cyclopentadienyl- oder Ti^-substitulerte Cyclopentadienylgruppe ist. die kovalent an 
M uber -Z-Y- gebunden ist und der Formel 



entspricht. in der 

R' bei Jedem Auftreten Wasserstoff oder eine Gnjppe. ausgewahit aus Halogen. Alkyt. Aryl, Halogenalkyl. 
Alkoxy, Aryloxy. Silyigruppen und Kombinationen daraus mit bis zu 20 Nichtwasserstoffatomen ist. oder zwei 
Oder mehrere R*-Gruppen zusammen ein kondensiertes Ringsystem ausbilden, 

M ein Metall, ausgewahit aus Hafnium, Zirkontum und Trtan. ist, das uber eine ri^-Bindung an die Cyclopen- 
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tadienyl- Oder substituierte Cydopentadienylgruppe gebunden ist. 

X Hydrid Oder eine Gruppe, ausgewahit aus Halogen. Alkyl. Aryl, Sityl, Germyl, Acryloxy. Alkoxy, Amid. Siloxy 
und Kombinationen daraus mit bis zu 20 Nichtwasserstoffatomen und neutralen Lewis-Baseliganden mit bis 
zu 20 Nichtwasserstoffatomen ist, 
n - 1 ist, 

Z eine divalente Gruppe umfassend Sauerstoff, Bor oder ein Mitglied der Gruppe 14 des Periodensystems 
der Elemente ist, 

Y eine verknOpfende Gruppe. die kovalent an das Metall gebunden ist. umfassend Stkskstoff, Phosphor, Sau* 
erstoff Oder Schwefel ist oder wahlweise Z und Y zusammen ein kondensiertes Ringsystem bikJen und 
A ein nichtkoordinierendes kompatibles Anion eines Bronsted-Sauresalzes ist, 

wobei das Verfahren umfaBt: Inkontaktbringen einer ersten Komponente entsprechend der Formel II 


z r 

\ 


(II) 


in der CP*. M. X, Z, Y und n wie oben definiert sind. 

mit einer zweiten Komponente entsprechend der Forme! [L-H]-^[A]'. in der L eine neutrale Lewis-Base und A wie 
oben definiert ist. in einem inerten aprotischen Ldsungsmittel. 

Verfahren nach Anspruch 1 , worin worin X Hydrid oder eine Gruppe, ausgewahit aus Halogen. Alkyl, Aryl. Sityl. 
Gemiyl, Aryloxy, Alkoxy, Amki, Siloxy und Kombinationen daraus mit bis zu 20 Nichtwasserstoffatomen. ist. 


Verfahren nach Anspruch 1 oder 2, worin -Z-Y- 


ist, in der 

E bei jedem Auftreten Kohlenstoff. Siltcium oder Germanium ist. 

p eine ganze Zahl von 1-4 ist, 

Y* Stickstoff Oder Phosphor ist und 

R'" bei jedem Auftreten Alkyl. Aryl, Silyl oder eine Komblnation daraus mit bis zu 10 Kohlenstoff- oder Silici- 
umatomen ist. 


Verfahren nach einem der vorstehenden AnsprOche, worin M Titan oder Zirconium ist. 


Verfahren nach Anspruch 4, worin 


Z SiR*2. CR*2. SiR*2SiR*2, CR*2CR*2. CR*=CR*. GR*2SiR*2 oder GeR* ist. 

Y eine stickstoff- oder phosphorhaltige Gruppe entsprechend der Formel -N(R")- oder -P(R")- ist, in der 

R* bei jedem Auftreten Wiasserstoff oder eine Gruppe ausgewahit aus Alkyl. Aryl, Silyl, halogeniertem Alkyl, 

halogenierten Arylgruppen und Kombinationen daraus mit bis zu 20 Nichtwasserstoffatomen ist, 

F^" C^.^o-Alkyl Oder Ce-^o'^^' 2wei oder mehrere R*-Gruppen oder eine oder mehrere R*-Gruppen 

und R'* zusammen ein kondensiertes Ringsystem mit bis zu 30 Nichtwasserstoffatomen bikJen und 

X eine Gruppe. ausgewahit aus Halogen. Alkyl, Aryl, Alkoxy und Arykdxy mit bis zu 20 Kohlenstoffatomen. ist. 


19 


EP 0 418 044 B1 


6. Verfahren nach einem der vorstehenden AnsprOche, worin X C|^-Alkyl Oder -Alkoxy ist. 

7. Verfahren nach Anspruch 5, worin X Methyl ist. 

8. Verfahren nach Anspruch 5. worin X Benzyl ist. 

9. Verfahren nach einem der vorstehenden AnsprOche, worin 

A" der Formel [M'^'^Qn.]* entspricht, in der 
m' eine ganze Zahl von 1 -7 ist, 
n' eine ganze Zahl von 2-8 ist. 

M' ein Metall oder Metalloid ausgewahit aus den Gruppen 5-15 des Pertodensystems der Elemente ist und 
Q bar jedem Auftreten Hydrid oder eine Gruppe ausgewahtt aus DIalkylamido, Halogenid, Alkoxid, Arybxid, 
Kohlenwasserstotf- und substituierten Kohlenwasserstoffresten mit bis zu 20 Kohlenstoflatomen ist unter der 
Voraussetzung, dalB Q bei nicht mehr als einem Auftreten Halogenid ist. 


10. Veriahren r^ch Anspruch 9. worin A' der Formel [BQ4]- entspricht, in der 
B Bor im V^lenzzustand 3 ist und Q wie in Anspruch 9 definiert ist. 

11. Verfahren nach einem der vorstehenden AnsprOche. worin A" ein fluorsubstituiertes Anion ist. 

12. Verfahren nach einem der vorstehenden AnsprOche, worin A Tetrakis(pentafluorphenyl)borat ist. 

13. Verfahren nach Anspruch 1, worin die Verbindung der Fomnel II (tert-Butylamido)(tetramethyl-Ti5-cyclopentadie- 
nyl)-1 ,2-ethandiylzirconiumdichtorkj, (tert-Butylamido)(tetramethyl-Ti5 cyctopentadienyl)-! .2-ethandiyltitandtehlo- 
rid. (MethylamkJo){tetramethyl-T)5-cyclopentadienyl)-1,2-ethandiylzirconiumdichlorid, (Methylamido)(tetramethyl- 
il5-cyclopentadlenyl)-1,2-ethandiyltitandichk)rid, (Ethylamido)(tetramethyl-TiS^yclopentadienyl)-methylentitandi- 
chlorid, (tert-Butylamido)dibenzyl(tetramethyl-ii5-cyclopentadienyl) silanzirconiumdibenzyl, (Benzylamido)dime- 
thyl(tetramethyl-ii5-cyclopentadienyl)silantitandichlorid oder (Phenylphosphido)dimelhyl{tetramethyl-Ti5-cyclo- 
pentadienyl)silanzirconiumdibenzyl ist. 


14. Verfahren nach Anspruch 1, worin die Verbindung der Formel [L-H]+[A*] Triethylammonium-tetraphenylborat, Tri- 
propylammonium-tetraphenylborat, Tripropylammonium-tetraphenylborat. Tri(n-butyl)ammonium-tetraphenylbo- 
rat. Trimethylammonium-tetra(p-tolylborat). Tributylammonium-tetrakispentafluorphenylborat, Tripropylammoni- 
um-tetrakis-2,4-dimethylphenylborat. Tributylammonium-tetrakis-3,5-dimethylphenylborat. Triethylammonium-te- 
trakis-(3.5-di>trifluormethylphenyi)borat. N.N-Dimethylaniltniumtetraphenylborat, N.N-Diethylanilinium-tetraphe- 
nylborat, N,N-2,4,6-Pentamethylanilinium-tetraphenylborat, Di(i-propyl)ammonium-tetrakis(pentafluorphenyl)bo- 
rat. Dicyclohexylammonium-tetraphenylborat. Triphenylphosphonium-tetraphenylborat, Tri(methylphenyi)phos- 
phoniumtetrakis(pentafluorphenyl)boratoderTri(dimethylphenyl)phosphonium-tetraphenylborat. 


15. Verfahren nach Anspruch 1, worin Cp* perhydrocarbylsubstituiert ist. 

16. Verfahren nach Anspruch 1, worin (teft-Butylamido)dimethyl(tetramethyl-T|^-cyclopentadienyl)siIantitandimethyl 
mit Triethylenammonium-tetrakis(pentafluorphenyl)borat umgesetzt wird. 

17. Verwendung eines Additionspolymerisationskatalysators aus einem Monocyciopentadienyl- oder substitulertem 
Monocyclopentadienytmetallkomplex, der eine Verbindung entsprechend der Formel 1 



(I) 
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enthatt, 

in der CP* eine einzelne ii^-Cyclopentadienyl Oder Ti^-subslituierte Cyclopentadienylgruppe isl. die kovalent an M 
Ober -Z'Y- gebunden ist und der Formel 


70 



entspricht, in der 

R' bei jedem Auftreten Wasserstoff oder eine Gruppe, ausgewahit aus Halogen, AlkyI, Aryl, HalogenalkyI, 
Alkoxy, Aryloxy, Silylgruppen und Kombinationen daraus mit bis zu 20 Nicht wasserstoff atomen ist, oder zwei 
Oder mehrere R'-Gruppen zusammen ein kondensiertes Ringsystem ausbilden, 

M ein fy^etall, ausgewahit aus Hafnium, Zirkonium und Titan, ist, das Dber eine T)^-Bindung an die Cyclopen- 
tadienyl- oder substituierte Cyclopentadienylgruppe gebunden ist, 

X Hydrid oder eine Gruppe, ausgewahit aus Halogen, Alkyl. Aryl, Silyl, Germyl, Acryloxy, Alkoxy. Amid, Slloxy 
und Konnbinationen daraus nnit bis zu 20 Nicht wasserstoff atomen und neutralen Lewis- Base liganden mit bis 
zu 20 Nichtwasserstoffatomen, ist, 
n = 1 ist, 

Z eine divalente Gruppe umfassend Sauerstoff. Bor oder ein Mitglied der Gruppe 14 des Periodensystems 
der Elemente ist. 

Y eine verknupfende Gruppe, die kovalent an das Metall gebunden ist. umfassend Strckstoff, Phosphor, Sau- 
erstoff Oder Schwefel ist oder wahlwelse Z und Y zusammen ein kondensiertes Ringsystem bilden und 
A* ein nichtkoordinierendes kompatibles Anion eines Bronsted-Sauresalzes ist. 

18. Verwendung nach Anspruch 17, worin Cp*, M, X, 2, Y. n und A' wie in einem der Anspruche 2-16 definiert sind. 

1 9. Additfonspolymerisatronsverfahren zur Herstellung eines Polymers durch InberOhrungbringen eines oder mehrerer 
additionspolymerisierbarer Monomere mit einem Koordinationspolymerisationskatalysator unter Additbnspolyme- 
risat ionsbedin gu ngen , 

dadurch gekennzeichnet, 

da8 der Katalysator ein Monocyclopentadienyl- oder substituierter Monocyck>pentadienylmetallkomplex ist, der 
eine Verbindung entsprechend der Formel I enthalt: 


45 


so 


Cp' 


-^r< 
\ 

(X) 


(I) 


n 


in der CP* eine einzelne ti^-Cyclopentadienyl Oder T)5-substituierte Cyclopentadienylgruppe ist, die kovalent an M 
Ober -Z-Y- gebunden ist und der Formel 
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10 


30 


3S 


40 


SO 


55 


entspricht. in der 

R' bei jedem Auftreten Wasserstoff oder eine Gruppe. ausgewahit aus Halogen, AlkyI, Aryl, Halogenalkyt. 
IS Alkoxy. Aryloxy. Siiylgruppen und Kombtnationen daraus mit bis zu 20 Nichtwasserstotfatomen ist» oder zwei 

Oder mehrere R'-Gruppen zusammen ein kondensiertes Ringsystem ausbijden, 

M ein Metall. ausgewahtt aus Hafnium, Zirkonium und Titan, ist, das Ober einei 'q^-Bindung an die Cyclopen- 
tadienyl- oder substituierte Cyclopentadienylgruppe gebunden ist, 

X Hydrid oder eine Gruppe, ausgewahit aus Halogen, AlkyI, Aryl. Silyl, Germyl, Acryloxy, Alkoxy, Amid, Siloxy 
20 und Kombinationen daraus mit bis zu 20 Nk^htwasserstoffatomen und neutralen Lewis-Basetiganden mit bis 

zu 20 Nichtwasserstoffatomen ist, 
n = 1 ist. 

Z eine divalente Gruppe umfassend Sauerstolf. Bor oder ein Mitglied der Gruppe 14 des Periodensystems 
der Elemente ist, 

2S Y eine verknupfende Gruppe, die kovalent an das Metall gebunden ist, umfassend Stkskstoff, Pliosphor. Sau- 

erstoff Oder Schwefel ist oder wahlweise Z und Y zusammen ein kondensiertes Ringsystem biWen und 
A' ein nichtkoordinierendes kompatibles Anion eines Bronsted-Sauresalzes ist. 


20. Verfahren nach Anspruch 19, worin Cp*, M, X, Z, Y, n und A- wie in einem der Anspruche 2-16 definiert sind. 

21. Verfahren nach Anspruch 19 oder 20. worin Ethylen homopolymerisiert oder mit einem Cs-Cg-alpha-Olefin copo- 
lymerisiert wird. 

22. Verfahren nach Anspruch 21. worin Ethylen mit Styrol copolymerisiert wird. 

23. Verfahren nach Anspruch 21 oder 22, worin der Katalysator In situ gebildet wird. 

Revendlpatlons 

Revendlcations pour les Etats contractants suivants : BE, DE, FR, GB, IT, NL, SE 

1. Compost contenant un complexe m^tallk^ue de monocycbpentadidnyle ou de monocyclopentadi^nyle substitu^ 
45 correspondent k la formule I: 


Z Y 

/ / 
Cp* — M+ 
\ 


(I) 


dans laquelle: 

Cp* est un groupe ii^-cyclopentadi^nyle ou T|^-cyclopentadi6nyde substitud unique lid par oovalence d M 
par nnterm6diaire de -Z-Y- et correspondant d la formule: 
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R' 



dans laquelle: 

chaque R' repr^sente un hydrog^ne ou un radical choisi parmi les radicaux halog^no. alkyle. aryle. halog6- 
noalkyle. alcoxy, aryloxy, silyle et leurs combinaisons ayant jusqu'd 20 atomes diffdrents de I'hydrogdne. ou 
deux ou plusieurs groupes R' forment ensemble un syst^me cyclique condense; 

M est un mdtal choisi parmi le hafnium, le zirconium et le titane, li^ par une liaison de type ri^ au groupe 
cyclopentadi6nyle ou cyclopentadi^nyie substitud; 

X est un hydrure ou un radical choisi parmi les radicaux halog^no, alkyle, aryle, silyle, germyle, aryloxy, alcoxy, 
amide, siloxy et leurs combinaisons ayant jusqu'd 20 atomes diffdrents de Itiydrog^ne, et les ligands de base 
de Lewis neutre ayant jusqu'^ 20 atomes diff^rents de I'hydrog^ne; 
n vaut 1 ; 

Z est un groupe divalent comprenant de I'oxyg^ne, du bore» ou un 6\6mer\X du Groupe 1 4 du Tableau P^riodique 
des Elements; 

Y est un groupe de liaison lid par covalence au mdtal. comprenant de Tazote. du phosphore, de I'oxygdne ou 
du soufre, ou dventuellement Z et Y forment ensemble un syst&me cyclique condense; et 
A' est un anion compatible de non coordination d'un sel d'acide de Bronsted. 

Compos6 selon la revendication 1 , dans lequel X est un hydrure ou un radical choisi parmi les radicaux halog6no, 
alkyle. aryle, silyle, germyle, aryloxy, alkoxy, amide, siloxy et leurs combinaisons comportant jusqu'd 20 atomes 
diffdrents de Thydrogdne. 

Compost sek)n Tune des revendtcatlons 1 ou 2, dans lequel 
-Z-Y- est: 

\ 
/ 


chaque E est un carbone, un siticium ou un germanium; 
p est un nombre entler de 1 a 4; 
Y' est I'azote ou le phosphore; et 

chaque R"' est un groupe alkyle. aryle. silyle. ou une de leurs combinaisons ayant jusqu'^ la atomes de carbone 
ou de silk:ium. 

Compost selon I'une des revendications prdcddentes. dans lequel M est le titane ou le zirconium. 
Compost sekMi la revendication 4, dans lequel: 

Z est SiR*2. CR*2. SiR*2SiR*2, CR*2CR*2. CR*=CR*. CR*2SiR*2. ou GeR*2: 

Y est un groupe contenant de I'azote ou du phosphore correspondant k la formule -N(R")- ou •P(R'"')-; dans 
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lesquets: 

chaquG R* est un hydrogdne ou un radical choisi parmi les groupes alkyle, ary(e. silyte. a!kylhalog6n6. aryl- 
halog^nd et leurs combinaisons ayant jusqu'd 20 atomes differents de Thydrogdne, 

R" repr^sente un groupe alkyle en C^^C^q ou aryle en Cg h C^q* ^^^^ ^^"^ plusieurs groupes R* ou 
bien un ou plusieurs groupes R* et R" torment ensemble un syst^me cyclique condense ayant jusqu'd 30 
atomes differents de I'hydrogdne; 

X est un radical choisi parmi les radicaux hatogdno. alkyle. aryle, alcoxy, et aryk^xy ayant jusqu'd 20 atomes 
de carbone. 

6. Composd selon I'une des revendicatbns prteddentes, dans lequel X est un groupe alkyle ou alcoxy en C, & C4. 

7. Composd sekxi la revendication 5. dans lequel X est un groupe mdthyle. 

8. Composd sek)n la revendication 5, dans lequel X est un groupe benzyle. 

9. Composd sek3n I'une des revendicatksns prdcddentes. dans lequel A' correspond d la formule: 

dans laquelle: 

m' est un nombre entier de 1 ^ 7; 
n' est un nombre entier de 2 ^ 8; 

M' est un mdtal ou un mdtalloTde choisi parmi les groupes 5 ^ 15 du Tableau Pdriodique des Elements; et 
chaque Q est un hydrure ou un radical choisi parmi les radicaux dialkylamido, halogdnure, alcoxyde, aryloxyde, 
hydrocarbyle, et hydrocarbyle substitud ayant jusqu'd 20 atomes de cart>one d condition que pas plus d*un 
des Q ne soit un halogdnure. 

10. Compose sebn la revendication 9, dans lequel A- correspond k la formule: 


[604]" 

dans laquelle: 

B est un atome de bore dans un 6tat de valence de 3 et Q est tel que d^fini dans la revendication 9. 

11. Compose selon I'une des revendications precedentes, dans lequel A' est un ank>n fluorosubstitue. 

12. Compose selon I'une des revendications precedentes, dans lequel A est le borate de tetrakis-pentafluorophenyle. 

1 9. Compose selon la revendication 1 » qui est derive du dichlorure de (t-butylamkto)(tetramethyl-T|^-cyclopentadienyl)- 
1.2-ethanediylzirconium. du dichlorure de (t-butylamido)(tetramethyl-Ti^-cyck>pentadienyl)>1.2-ethanedlyltitane, 
du dichlorure de (m6thylamido)(tetram6thyl-TiS-cyclopentadi6nyl)-1 ,2-ethanediyl-zirconium, du dichlorure de (m6- 
thylamkto) (tetram6thyl-n^-cyclopentadienyl)-1 ,2-ethanediyltitane, du dk^hlorure d'(ethylamido)(tetrameihyl-Ti5-cy- 
cIopentadi6nyl)-1,2-m6thyienetitane, du (t-butylamido)dibenzyl(tetramethyl-TiS-cyclopentadienyl)silanediben2yl 
zirconium, du dichlorure de (benzylamido)dim6thyl(tetramethyl-T|5-cyclopentadi6nyl) silanetitane, et du (ph6nyl- 
phosphido)dimethyl(tetramethyl^^-cyclopentadienyl)silanedibenzyl zirconium. 

14. Compose selon la revendication 1 . dans lequel A' est derive du tetrapheny (borate de triethylammonium. du tetra- 
phenylborate tripropylammonium, du tetraphenylborate de tri(n-butyl)ammonium. du tetra(p-tolylborate) de trime- 
thylammonium, du tetrakis-pentafluorophenylborate de tributylamnnonium, du tetrakis-2,4-dimethylphenylborate 
de tripropylammonium. du t6trakis-3,5-dimethylph6nylborate de tributylammonium. du tetrakis-(3,5-di-trifluorome- 
thyl-phenyl)borate de triethylammonium, du tetraphenylborate de N.N-dimethylanilinium, du tetraphenylborate de 
N.N-dieihylanilinium. du tetraphenylborate de N,N-2,4.6-pentamethylanilinium. du tetrakis-pentafluorophenylbo- 
rate de di-(i-propyl)ammonium. du tetraphenylborate de dicyclohexylammonium, du tetraphenylborate de triphe- 
nylphosphonium. du tetrakis-pentafluorophenylborate de tri(methylphenyl)phosphonium. et du tetraphenylborate 
de tri(dimethylphenyl)phosphonium. 
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15. Compost selon la revendtcation 1, dans lequel Cp* est substitu^ par un groupe perhydrocaibyle. 

16. Le t6trakis-pentaftuoroph6nylborate de (t4>utylamkio)dim6thyl(tetram6myl-ii^-K:yclopentadi6nyl)silanedimdm^ ti- 
tane. 

5 

17. Proc^d pour la preparation d'un compose selon la revendication 1 conslstant k mettre un premier composant 
correspondant d ta formule II 

- Y 
/ 

\ 

dans laquelle Cp*. M, X, Z, Y et n sont tels que d6finis dans la revendication 1 en contact avec un deuxi^me 
composant correspondant k la fomiule 

20 

[L-H]*[A1" 

dans laquelle L est une base de Lewis neutre et A est tel que d^finl dans la revendication 1 
dans un solvant inerte et aprotique. 

2S 

18. Proc^d selon la revendication 17. dans lequel Cp*. M. X. Y, Z. n et A- sont tels que ddflnis dans Tune des raven- 
dications 2d 16. 

19. Utilisation d'un compost selon Tune des revendications 1 d 16 en tant que catalyseur de polymerisation par ad- 
30 dition. 

20. Proc6d6 de polymerisation par addition pour preparer un polymere en mettant en contact un ou plusieurs mono- 
meres polymerisables par addition avec un catalyseur de polymerisation comportant une coordination dans des 
conditions de polymerisation par addition, caracterlse en ce que le catalyseur est un compose tel que defini dans 

35 Tune des revendications 1 & 16. 

21. Precede selon la revendication 20, dans lequel rethyiene est homopolymerise ou copolymerlse avec une alpha- 
oiefine en C3 d C3. 

40 22. Precede selon la revendication 21 . dans lequel rethyiene est copolymerlse avec le styrene. 
23. Precede selon Tune des revendications 20 k 22, dans lequel le catalyseur est forme in-situ. 


10 


Z 

/ 

Cp* 


45 Revendications pour I'Etat contractant suivant : ES 

1. Precede pour la preparation d'un complexe metallique de monocyclopentadienyle ou de monocyclopentadienyle 
substitue correspondant k la formule I: 


so 


55 \ 

(X) 


2 Y 

/ / 

Cp* — M+ A" (I) 


n 
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dans laquelle: 

Cp* est un groupe ii^-cyciopentadidnyle ou T|^-cyclopentadidnyle substitud unique lid par covalence ^ M par 
rintermddiaire de -Z-Y- et correspondant k la f ormule: 



dans laquelle: 

chaque R' repr6sente un hydrog^ne ou un radical choisi parmi las radicaux halog6no, alkyle, aryle, haloge- 
noalkyle. alcoxy. aryloxy. silyle et teurs combinaisons ayant jusqu'^ 20 atomes diff6rents de I'hydrogdne, ou 
deux ou plusieurs groupes R* forment ensemble un syst^me cyclique condens6; 

M est un mdtal choisi parmi le hafnium, le zirconium et le titane. lid par une liaison de type t|S au groupe 
cyclopentadidnyle ou cyclopentadidnyle substitud; 

X est un hydrure ou un radical choisi parmi ies radicaux halogdno. alkyle, aryle, silyle. gemnyle, aryloxy, alcoxy. 
amide, siloxy et leurs combinaisons ayant jusqu'd 20 atomes diffdrents de I'hydrogdne, et Ies ligands de base 
de Lewis neutre ayant jusqu'd 20 atomes diffdrents de I'hydrogdne; 
n vaut 1 ; 

Z est un groupe divalent comprenant de I'oxygdne, du bore, ou un didment du Groupe 1 4 du Tableau Pdriodique 
des Elements; 

Y est un groupe de liaison lie par covaience au mdtal, comprenant de I'azote, du phosphore, de Toxyg^ne ou 
du soufre, ou dventuellement Z et Y forment ensemble un systdme cyclique condensd; et 
A- est un anion compatible de non coordination d'un sel tfacide de Bronsted. 

conslstant d mettre en contact un premier composant correspondant k la formula II 


Z 

/ 

Cp* 


- Y 

/ 

\ 


(X) 


n+1 


(II) 


dans laquelle Cp*, M, X, Z, Y et n sont tels que d6finis dans la revendication 1 en contact avec un deuxidme 
composant correspondant k la fonmule 

[L-H]*[A]- 

dans laquelle L est une base de Lewis neutre et A est tel que ddfini dans la revendicatk>n 1 dans un solvant inerte 
et aprotique. 

Procddd selon la revendication 1 , dans lequel X est un hydrure ou un radical choisi parmi Ies radicaux halogdno, 
alkyle. aryle, silyle, germyle, aryk>xy. alkoxy, amkle. siloxy et leurs combinaisons comportant jusqu'd 20 atomes 
diffdrents de I'hydrog^ne. 

Procddd selon I'une des revendications 1 ou 2, dans lequel 
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-Z-Y- est: 


-(ER* • •2)p 


/ 

10 

ou: 

chaque E est un carbons, un silicium ou un germanium; 
p est un nombre entier de 1 d 4; 
IS Y' est razote ou le phosphors; et 

chaque R" est un groups alkyie, aryle. siiyle, ou une de leurs combinaisons ayant jusqu'a 10 atomes de 
cartx>ne ou de silicium. 

4. Proc^d selon I'une des revendications prte6dentes, dans lequel M est le titane ou le zirconium. 

20 

5. Proc6d6 selon la revendication 4, dans lequel: 

Z est SiFTa. CR*2. SiR^gSiRV CR*2CR*2. CR*=CR*. CR*2SiR*2. ou GeR*2; 

Y est un groups contenant de I'azote ou du phosphors correspondant d la formule -N(R"")- ou -P(R"")-; dans 
25 lesquels: 

chaque R^ est un hydrogens ou un radical choisi parmi les groupes alkyie. aryle. silyle, aikylhalogdnd, aryl- 
halog^n^ et leurs combinaisons ayant jusqu'^ 20 atomes dilf^rents de I'hydrog^ne. 

R"" repr6sente un groupe alkyie en ^ C^q ou aryle en Cg k C^q, ou blen deux ou plusieurs groupes R* ou 
bien un ou plusieurs groupes R* et R'"* torment ensemble un syst6me cyclique condense ayant jusqu*& 30 
30 atomes diff6rents de I'hydrogene; 

X est un radical choisi parmi les radicaux halog^no, alkyie. aryle, alcoxy, et aryloxy ayant jusqu'd 20 atomes 
de carbone. 

6. Proc^d^ selon Tune des revendicatbns pr6c6dentes. dans lequel X est un groupe alkyie ou alcoxy en d C4. 

35 

7. Proc6d6 seton la revendication 5, dans lequel X est un groupe mdthyte. 

8. Proc6d6 selon la revendication 5, dans lequel X est un groupe benzyle. 

40 9. Proc6d6 selon I'une des revendk:ations prdcddentes, dans lequel A~ correspond h la formule: 

45 dans laquelle: 

m' est un nombre entier de 1 ^ 7; 
n' est un nombre entier de 2 ^ 8; 

M' est un m6tai ou un m6talloTde choisi parmi les groupes 5 ^ 15 du Tableau Pdriodique des Elements; et 
so chaque Q est un hydrure ou un radical choisi parmi les radicaux dialkylamido. halogdnure, alcoxyde, aryloxyde. 

hydrocarbyle, et hydrocarbyle substitu6 ayant jusqu'Si 20 atomes de carbone d conditk^n que pas plus d'un 
des Q ne soit un halog^nure. 

10. Ptoc666 selon la revendicatbn 9. dans lequel A- correspond & la formule: 

55 

(BQ4r 


27 


EP 0 418 044 B1 


dans laquelle: 

B est un atome de bore dans un dtat de valence de 3 et Q est tel que d^fini dans la revendication 9. 

11. Prcx:6d6 salon Tune des revendlcations pr6c6dentes, dans lequel A- est un anion fluorosubstitu6. 

12. Proc6d6 selon Tune des revendications precddentes. dans lequel A est le borate de tdtrakis-pentafluorophdnyle. 

13. Proc6d6 selon la revendication 1. qui est 66rw6 du dichlorure de (t-butylamido)(t6tram6thyl-T|S-cyclopentadl6nyl)- 
1,2-6thanediylzirconium. du dichlorure de (t-butylamido)(t6tram6thyl-T|S-cyclopentadi6nyl)-1,2-ethanediyltitane, 
du dichlorure de (m6thyIamido)(t6tram6thyI-ii5-cyciopentadi6nyl)-1,2-6thanedlylzirconium, du dichlonjre de (nn6- 
thylamido)(t6tram6thyl-Ti5K:yclopentadi6nyl)-1 .2-6thanediyltitane, du dichlonire d'(6thylamido)(t6tram6thyl-T|5-cy- 
clopentadi6nyl)-1,2-m6thyl6netitane, du (t-butylamido)dibenzyl(t6tram6thyl--n^-cyclopentadi§nyl)siIanedibenzyl 
zirconium, du dichlorure de (benzylamido)dim6thyl(t6tram6thyl^S-cyclopentadi6nyl)silanetitane. et du (ph^nyl- 
phosphtdo)dim6thyl(t6tram6thyl-^^-cyclopenta-di6nyl)5ilanedibenzyl zirconium. 

14. Proc6d6 selon la revendication 1, dans lequel le compost de formule [L-H}^[A]* est le tStraphdnylborate de trid- 
thylammonlum. du t6traph6nylborate tripropylammonlum, du t6traph6nylborate de tri(n-butyl)ammonium, du t6tra 
(p-tolylborate) de trimdthylammonium, du t6trakis-pentafluoroph6nyIborate de tributylammonium, du t6trakis- 
2.4-dim6thylph6nylborate de tripropylammonium, du tetrakis-3,5-dim6thylph6nylborate de tributylammonium, du 
t6trakis-(3,5-di-trrfluorom6thyIphenyl)borate de tri6thylammonium. du t6traphenyiborate de N,N-dlm6thylanilinium, 
du t6traph6ny (borate de N.N-di6thylanilinium, du t6traph6nylborate de N,N-2,4.6-pentam6thylanllinium, du t6tra- 
kis-pentafluoroph6nylborate de di-(i-propyl)ammonium, du t6traph6nylborate de dicyclohexylammonium. du t6tra- 
ph6nylborate de triphenylphosphonium. du t6trakis-pentafluoroph6nylborate de tri(m6thylph6nyl)phosphonium. et 
du t6traph6nylborate de tri(dim6thylph6nyl)phosphonium. 

15. Procddd selon la revendication 1, dans lequel Cp* est substitud par un groupe perhydrocarbyle. 

16. Proc6d6 seton la revendication 1, dans lequel on fait r6agir le (t-butylamido)dim6thyI(t6tram6thyl-Ti5-cyclopenta- 
di6nyl)silanedim6thyl titane avec le t6trakispentafluoroph6nyl borate de tri6thylammonium, 

17. Utilisation comme catalyseur de polym6risation par addition d'un complexe mdtaliique de monocyclopentadi^nyle 
ou de monocyclopentadi^nyle substltud de formule I 


2 Y 

/ / 

Cp* - M+ A- (I) 

\ 

(X)^ 

dans laquelle: 

Cp* est un groupe ti^-cyclopentadi^nyle ou T^^-cyclopentadi^nyde substitud unique 116 par covalence^ M 
par I'intenmddiaire de -Z-Y- et correspondant k la formule: 



dans laquelle: 
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chaque R' repr^sente un hydrog^ne ou un radical choisi parmi les radicaux halog^no, alkyle, aryle. halogd- 
noalkyle. alcoxy, aryloxy. silyle et leurs combinaisons ayant jusqu'S 20 atomes diff6rents de I'hydrog^ne, ou 
deux ou plusieurs groupes R' forment ensemble un systdnrte cyclique condens6; 

M est un m6tal choisi pamni le hafnium, le zirconium et le titane, par une liaison de type au groupe 
5 cyctopentadi6nyle ou cyclopentadi6nyle substitu^; 

X est un hydrure ou un radical choisi parmi les radicaux halogdno, alkyle. aryle. silyle. germyle. aryloxy. alcoxy, 
amide, sibxy et leurs combinaisons ayant jusqu'd 20 atomes diffdrents de I'hydrog^ne, et les ligands de base 
de Lewis neutre ayant jusqu'd 20 atomes diff^rents de I'hydrogdne; 
n vaut 1 ; 

10 Z est un groupe divalent comprenant de I'oxyg^ne. du bore, ou un 6l6ment du Groupe 1 4 du Tableau Pdriodique 

des Elements; 

Y est un groupe de liaison \\6 par covalence au m^tal. comprenant de I'azbte. du phosphore. de I'oxygdne ou 
du souf re, ou dventuellement Z et Y forment ensemble un systdme cyclique condens^; et 
A- est un anion compatible de non coordinatnn tfun sel d'acide de Bronsted. 

IS 

18. Utilisation selon la revendication 17. dans laquelle Cp*. M. X, Z. Y, n et A" sont tels que ddfinis dans rune des 
revendtcations 2 d 16. 


19. Precede de polymerisation par addition pour la preparation d'un polym^re en mettant en contact un ou plusieurs 
monomeres polymerisables par addition avec un catalyseur de polymerisation comportant une coordination dans 
des conditions de polymerisation par additbn, caracterise en ce que le catalyseur est un complexe metallk^ue de 
monocyclopentadidnyle ou de monocyclopentadienyle substitue correspondant d la formule I: 
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Z 

/ 
Cp* 


- Y 
/ 
M+ 

\ 


(I) 


dans laquelle: 

Cp* est un groupe t]S-cyck)pentadienyie ou ti^-cyclopentadienyle substitue unique lie par covalence d M par 
35 I'intermediaire de -Z-Y- et correspondant d la formule: 
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45 


so 



dans laquelle: 


chaque R' represente un hydrog^ne ou un radical choisi parmi les radicaux halogeno, alkyle. aryle. haloge- 
noalkyle, alcoxy, arybxy. silyle et leurs combinaisons ayant jusqu'd 20 atomes diffdrents de i'hydrogdne. ou 
deux ou plusieurs groupes R* forment ensemble un systdme cyclique condense; 

M est un metal choisi parmi le hafnium, le zirconium et le titane, lie par une liaison de type ri^ au groupe 
ss cycbpentadienyle ou cyclopentadienyle substitue; 

X est un hydrure ou un radical choisi parmi les radicaux halogeno, alkyle, aryle, silyle. germyle. aryloxy, alcoxy. 
amide, siloxy et leurs combinaisons ayant jusqu'^ 20 atomes drfferents de Itiydrogdne. et les ligands de base 
de Lewis neutre ayant jusqu'd 20 atomes differents de I'hydrogene; 
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IS 
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n vaut 1 ; 

Z est un groupe divalent comprenant de i'oxyg^ne, du bore, ou un dl6ment du Groupe 14du Tableau Pdricxdique 
des Elements; 

Y est un groupe de liaison lid par covalence au mdtal. comprenant de Tazot , du phosphore. de I'oxyg&n ou 
du soufre. ou dventuellement Z et Y ferment ensemble un syst^me cyclique condense; et 
A- est un anion compatible de non coordination d'un sel d*acide de Bronsted. 

20. Proems selon la revendication 19. dans tequel Cp*. M. X, Z. Y, n et A' sont tels que ddfinis dans I'une des reven- 
dications 2d 16. 

21. Procddd selon Tune des revendications 19 ou 20. dans lequel de r^thyl^ne est homopolymdrisd ou copolymdrisd 
avec une alpha-oldfine en Cg-Cg- 

22. Proc^d selon la revendication 21, dans lequel I'dthyl^ne est copolym6rls6 avec du styr^ne. 

23. Proc^d selon Tune des revendications 21 ou 22, dans lequel le catalyseur est form6 in situ. 
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45 


so 
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